The theory of how excited-state hyperfine structure can be determined using a magnetic field to decouple the nuclear and electronic angular momentum is presented. The initial excited state is assumed to have an anisotropic Zeeman sublevel population distribution, which can be conveniently created by a laser-induced multiphoton excitation of an unpolarized atom. The Zeeman sublevel populations are subsequently mixed by the hyperfine interaction. Fig. 2(a) where an atom having an S& &2 ground state is excited via a two-photon excitation to a D3/2 state. The Zeeman sublevels are not eigenstates of the hyperfine Hamiltonian. The hyperfine interaction mixes the sublevel populations as shown in Fig. 2(b) 
I. INTRE)DUCTION
The hyperfine structure of the lowest alkali-metal excited states has been investigated using lamps and continuous-wave lasers to excite the ground state. To populate higher states, stepwise excitation or multiphoton excitation using pulsed lasers is required.
The work to date has focused on measuring the hyperfine structure of the lower excited states as is discussed in the review paper of Arimondo et al. In this paper, we show how the hyperfine structure of excited states populated by a multiphoton excitation of the ground state can be determined using a magnetic field to decouple the nuclear and electronic angular momenta.
The apparatus is schematically shown in Fig. 1 . A 1aser pulse, linearly polarized along the quantization direction z, populates an excited state. Hence, only Zeeman sublevels obeying the selection rule Am =0 are populated. This is illustrated in Fig. 2 
Using (5), one finds P(t)=X,e ' 'ge " &i~X~j &&j~p , ( 0) The term summed over I' and I' ' can be neglected in the limiting case of a strong hyperfine interaction defined by OFF.~--2wa&))1. The quantity~FF~is the number of quantum beats occurring in the temporal decay of the Auorescence signal during the lifetime of the excited state. It therefore measures how much the excited-state sublevel populations are mixed by the hyperfine interaction. The condition 2~a~))1 is valid for many excited states, and will therefore be assumed to hold in the remainder of this paper. The zero field signal ratio R (0) is then independent of the lifetime~. This is illustrated in Fig. 4 which shows a plot of R (0) which was computed for atoms excited to the D3/p as shown in Fig. 2 . The ratio error was determined using the standard deviations found for each of the two data sets produced by 300 laser shots. The magnetic field was generated by a pair of Helmholtz coils surrounding the cesium cell. The field was measured to an accuracy of 1% using a Hall effect Gaussmeter.
B. Data analysis
A sample measured decoupling curve is shown in Fig.  7 . The data were not corrected for the finite solid angle of the light detection system since this was small and did not affect the magnetic field half-width of the decoupling signal. A Lorentzian function was fit to the data using a least-squares algorithm that varied the half-width to obtain the optimum fit. The initial excited-state electronic density matrix was assumed to be given by the following:
The parameter a is zero for the case of a two-photon excitation from an S&/z to a D3/p state generated by a laser linearly polarized along the quantization axis. The theoretical zero field decoupling curve value R(0) is found using (15) and (16) The +3/2 Zeeman sublevels can also be populated by collisions which transfer atoms from the +1/2 sublevels of the excited state. However, at the cell temperature of 100 C, the cesium number density' is only 10' cm Magnetic field (G) In this experiment, decoupling curves were generated using laser pulse energies between 1 and 10 mJ. The high field value of R was approximately 3 for laser energies of 1 mJ but was 2 at laser energies of 10 mJ. This behavior is compatible with the lasing hypothesis and agrees with observations that have been made using rubidium. ' We wish to emphasize, however, that no dependence of the decoupling curve magnetic field half-width on the laser pulse energy was observed. The data shown in Fig. 7 were taken using an average laser pulse energy of 3.5 mJ.
The decoupling curves resulting from the density matrix described in (19) were computed and are shown in Fig. 8 
